Structure-activity relationship in heparin: a synthetic pentasaccharide with high affinity for antithrombin III and eliciting high anti-factor Xa activity.
The structures of the tetrasaccharide (beta-D-glucuronic acid)1 leads to 4 (N-sulfate-3,6-di-0-sulfate-alpha-D-glucosamine)1 leads to 4(2-0-sulfate-alpha-L-iduronic acid)1 leads to 4(N-sulfate-6-0-sulfate-D-glucosamine) and of the pentasaccharide (N-sulfate-6-0-sulfate-alpha-D-glucosamine)1 leads to 4(beta-D-glucuronic acid)1 leads to 4(N-sulfate-3,6-di-0-sulfate-alpha-D-glucosamine)1 leads to 4(2-0-sulfate-alpha-L-iduronic acid)1 leads to 4(N-sulfate-6-0-sulfate-D-glucosamine), both prepared for the first time, by chemical synthesis from D-glucose and D-glucosamine, have been confirmed by nuclear magnetic resonance. The synthetic tetrasaccharide neither binds to AT-III nor induces anti-factor Xa activity enhancement of this inhibitor. In contrast, the synthetic pentasaccharide strongly binds to AT-III (Ka: 7.10(6)M-1) forming an equimolar complex and also enhances the AT-III inhibitory activity towards factor Xa. These results confirm that the synthetic pentasaccharide with the above structure corresponds to the actual minimal sequence required in heparin for binding to AT-III.